The study investigated whether supine-measured HRV indicators, and/or HRV indicators measured during orthostatic stress are related to conventional measures of exercise and performance ability such as VO 2max . Only two significant correlations (pb0.05) out of 30 tests were found between supinedetermined HRV indicators and conventional measures. In contrast, fifteen of the 30 relationships calculated during orthostatic stress were significant. Relationships were at best low to moderate (0.2b|corr|b0.4). As expected, the relationships obtained during orthostatic stress were reversed from that obtained in the supine position. In summary, although HRV indicators are related to cardiovascular fitness, correlations between VO 2max and these parameters are found only under very specific conditions. HRV parameters explain very little of the variance in VO 2max . In addition, estimating the exercise capacity from HRV indicators requires experience and extreme caution Maximal oxygen uptake (VO 2max ) is widely used as an indicator of exercise capacity and predictor of survival and performance in a variety of clinical and athletic populations (Stelken et al., 1996; Diamond, 2007) . VO 2max is normally assessed in a laboratory setting by means of respiratory gas analysis equipment. This method is expensive, time consuming and requires the expertise of qualified laboratory personnel. Currently, an increasing number of studies employ the more accessible resting heart rate variability (HRV) indicators as prognostic indicators of survival in patients and of training status in athletes (Gilliam et al., 2007; Achten and Jeukendrup, 2003) . HRV represents the changes in instantaneous heart rate over a segment or the full length of an RR interval recording (tachogram), as controlled by the sympathetic and parasympathetic branches of the autonomic nervous system (ANS) (Task Force, 1996). In this respect HRV analysis is used as a non-invasive indicator of ANS function and window on the clinical or training status of patients and athletes.
Maximal oxygen uptake (VO 2max ) is widely used as an indicator of exercise capacity and predictor of survival and performance in a variety of clinical and athletic populations (Stelken et al., 1996; Diamond, 2007) . VO 2max is normally assessed in a laboratory setting by means of respiratory gas analysis equipment. This method is expensive, time consuming and requires the expertise of qualified laboratory personnel. Currently, an increasing number of studies employ the more accessible resting heart rate variability (HRV) indicators as prognostic indicators of survival in patients and of training status in athletes (Gilliam et al., 2007; Achten and Jeukendrup, 2003) . HRV represents the changes in instantaneous heart rate over a segment or the full length of an RR interval recording (tachogram), as controlled by the sympathetic and parasympathetic branches of the autonomic nervous system (ANS) (Task Force, 1996) . In this respect HRV analysis is used as a non-invasive indicator of ANS function and window on the clinical or training status of patients and athletes.
In testing the assumption that HRV as determined by off-the-shelf HR monitors can be used in place of the more cumbersome and ten times more expensive than VO 2max assessment, correlations were found between resting HRV indicators and VO 2max. However, results are inconsistent and studies reported significant correlations as well as no correlations between VO 2max and the same HRV indicators (Bucheit and Gindre, 2006; Marocolo and Nadal, 2007; Bosquet and Gamelin, 2007; Kouidi et al., 2002; Sendelides et al., 2003) . It is suggested that an explanation for the disparity could lie in the differences between the subjects investigated (Kouidi et al., 2002) . That is, the HRV-VO 2max relationship may be affected by sport type and training pattern, since a significant relationship (r=0.61, pb0.05) has been reported between the VO 2max and HRV in longdistance athletes and soccer players, but not in sprinters, throwers and untrained subjects (Kouidi et al., 2002; Sendelides et al., 2003) .
Currently there are HRV software programs available which estimate VO 2max without conventional laboratory-based measurements (Smolander et al., 2008) . Units for HRV analysis using only two to five minute tachograms with zero post-test analysis time, developed and validated for athletes, are also available (Berkoff et al., 2007) . However, the cost of such equipment, ranging in the region of tens of thousand US Dollars, limits its accessibility. Here RR intervals are sampled in a supine position over a short period without the aid of highly trained laboratory personnel. Expensive software is then used to instantly calculate HRV indicators and provide interpretation and recommendations concerning the health and function of the ANS, as well as an estimate of the participant's VO 2max . The use of supine-determined HRV (regulated mainly by parasympathetic neural influence) to estimate an individual's cardio-pulmonary functional capacity (highest measured rate of whole body oxygen uptake during dynamic exercise), may be extremely valuable in the day-to-day monitoring of patient as well as athlete populations.
Recently, the HRV response to standing (regulated by the withdrawal of the parasympathetic and increase of sympathetic neural influence) was reported to relate to volume of regular exercise (Gilder and Ramsbottom, 2008) . However, little is known about the association between HRV in the standing position and VO 2max . In view of the conflicting reports on the relationship between VO 2max and supine HRV, it was decided to investigate the relationship between HRV indicators and selected exercise test parameters as determined in a research laboratory with standardized equipment and methodology. Information on similarities and differences between HRV indicators measured in the supine position (regulated by increased parasympathetic tone) and standing position (regulated by decreased parasym-pathetic and increased tone) may provide novel information to be used by clinicians and coaches when swift evaluation of autonomic control and cardiac health in patient and athlete populations are necessary.
The purpose of this study was thus to determine whether supine HRV indicators, and/or HRV indicators measured during an orthostatic stressor are related to conventional measures of exercise test performance such VO 2max , peak exercise load and maximum O 2 pulse (O 2 pulse max).
Participants consisted of forty healthy, moderately active males 18-25 years of age (Mass=74.87±9.43 kg; BMI=23.56±2.68). Moderately active was defined as performing leisure physical activity sessions of not more than a 30 minute duration 2-3 times per week, excluding any purposeful training. None of the participants were professional athletes. Typical activities included cycling, squash, tennis playing, jogging and abseiling. RR intervals were sampled after a 10 minute supine resting period, using the last 5 minute tachograms registered in the supine position and 5 minute tachograms registered during an orthostatic stressor (measured during the first 5 min upon standing upright, leaning with their backs against the wall and feet apart).
The exercise test consisted of a continuous progressive treadmill exercise test to volitional exhaustion. Subjects were permitted 5 min of light stretching prior to a 5 minute run at 10 km h -1 to warm up. Thereafter, treadmill speed was increased by 1 km h -1 every minute and grade by 0.5% every 2 min. Pulmonary gas exchange and heart rate (HR) were analyzed continuously during the test using an automated ergo-spirometer and electrocardiograph (Schiller CS-200, Ganshorn Medizi, Niederlauer). VO 2max was recorded as the highest oxygen uptake (VO 2 ) averaged over 30 s of the test and reported in relative terms (ml·kg body mass -1 ·min -1 ). The O 2 pulse max was calculated as the maximal quotient of VO 2 and HR during the test. Peak treadmill speed was recorded as the highest treadmill running speed achieved at the termination of the test.
The RR interval (also called NN interval) data obtained (RS800sd Monitor, Polar, Finland) was transferred to a computer and analyzed with Polar software obtained from the University of Kuopio, Finland. The time domain, frequency domain and the Poincaré plot analysis methods were used in the evaluation of HRV from RR interval data sets (Stein, et al., 1993; Task Force, 1996; Kleiger et al., 2005) . Time domain indicators were determined by direct statistical analysis of the time (ms) between consecutive heart beats. Calculated indicators included average SDNN (the standard deviation of normal-to-normal inter-beat intervals, estimating overall HRV), RMSSD (the square root of the mean squared differences of successive RR intervals and an estimate of vagal influence or short term HRV components), PNN50 (percentage of successive RR interval differences larger than 50 ms computed over the entire recording and an indicator of vagal influence or short term HRV). The power spectrums of the RRintervals were obtained with autoregressive spectral analysis. The two main frequency bands observed in this study were: LF (low frequency: between 0.05 Hz and 0.15 Hz) and HF (high frequency: from 0.15 Hz to 0.4 Hz). LF and HF power was calculated in ms 2 and normalized units (percentage of LF+HF),as well as the ratio of the two, i.e. LF/HF. Power spectrum analysis of the tachograms is able to distinguish between the intrinsic sources of HRV, as these rhythms occur at different frequencies. LF power is not only an indicator of sympathetic influence, but also includes a parasympathetic component.
HF power is an indicator of only parasympathetic influence and LF/HF represents the balance between the sympathetic and parasympathetic branches of the ANS (Akselrod et al., 1981) . The RR intervals of the tachograms were plotted as a function of the preceding intervals, to produce a Poincaré plot. From this graph, two HRV indicators, SD1 and SD2, were determined. SD1 is an indicator of the standard deviation of the immediate, or short term, RR variability due to parasympathetic efferent (vagal) influence on the sino-atrial node. SD2 is an indicator of the standard deviation of the long-term or slow variability of the heart rate. It is accepted that this value is a representative of the global variation in HRV (Tulppo et al., 1996) .
The correlation between these HRV indicators and the measures of exercise test performance was calculated using Spearman's rho, a nonparametric version of the Pearson correlation coefficient based on the ranks of the values, as the data did not satisfy the normality assumption. To separate associations of interest between variables, correlations were defined as follows; no significant correlation: |corr|b 0.2; Low-moderate correlation: 0.2b|corr|b0.4; Moderate correlation: 0.4 b|corr| b0.6 and statistical significance at pb0.05.
The results of this study are summarised in Table 1 , indicating those HRV indicators, as measured in the supine and standing position, for which significant correlations (pb0.05) were found with the indicators of physical fitness. Only two significant correlations from a possible 30 were found between the supine-determined HRV indicators and VO 2max . The correlation between LF nu (normalized unit of power) and VO 2max was r=-0.32; p=0.042 and between LF/HF and VO 2max r=-0.32;p=0.043. According to these negative correlations between VO 2max and the two HRV indicators, supine sympathetic nervous system activity is lower in fitter individuals. These results are supported by several published studies (Nagai et al., 2004; Spierer et al., 2007; Gilder and Ramsbottom, 2008) . No significant correlations were found between supine HRV indicators and O 2 pulse max or peak treadmill speed.
During the orthostatic stressor (standing) fifteen out of thirty, moderate significant relationships were found between measures of physical fitness and HRV indicators. The correlations obtained (Table 1) during the orthostatic stressor were opposite to those obtained during the supine position, i.e. fitter participants experienced a greater shift towards long-term variation in heart rate as controlled mainly by the sympathetic ANS branch, while in the supine Table 1 Correlation between supine and standing HRV indicators and measures of exercise test performance. position the fitter participants showed the higher short term, vagal induced variation. In view of the above it is obvious that HRV indicator values cannot summarily be used as indicators of cardiovascular fitness or capacity, and that the reciprocal action of sympathetic and parasympathetic branches of the ANS during body position changes should be taken into account.
HRV
These HRV results are in line with what is known from studies in athletes indicating that regular exercise (higher VO 2max ) benefits the resting ANS by increasing HRV, lowering the sympathetic influence on the heart and increasing the parasympathetic influence (Nagai et al., 2004; Spierer et al., 2007; Gilder and Ramsbottom, 2008) . It also confirms that only a limited number of HRV indicators, based on weak associations in the supine position, could perhaps be used to estimate VO2max. However, this study also clearly demonstrates the novel relationship between HRV indicators and indicators of physical fitness during an orthostatic stressor. Participants with greater physical fitness showed increased responsiveness (indicated by increased sympathetic activity and vagal withdrawal) to the orthostatic challenge. These results can be explained by the fact that the maintenance of blood pressure in standing up from the supine position is dependent on increased sympathetic activity and vagal withdrawal, while the supine position is marked by vagal activation with sympathetic withdrawal (Pagani et al., 1986) . This is an important fact to remember in any attempt to estimate fitness and capacity from HRV values and when using 24 hour recordings of RR interval which includes supine and mobile phases. Also of interest is the observation that many more HRV indicators showed significant correlations with cardiopulmonary fitness indicators (VO 2max , peak treadmill speed and O 2 pulse max) during the orthostatic challenge compared to the supine measures. The possibility that these results may relate to exercise induced changes in baro-receptor sensitivity, responsiveness of the cardio vascular control centre and sympathetic branch sensitivity, warrants further investigation.
In summary it can be said that HRV indicators are related to conventional measures of cardiopulmonary fitness and capacity such as VO 2max , peak treadmill speed and O 2 pulse max. However, estimating exercise capacity from HRV indicators requires experience and should be done with extreme caution, since relationships were only weak to moderate at best (0.2b|corr|b0.4) and indicators may show positive or negative correlations with exercise measures. When such procedures are made use of in patient and athlete studies, HRV indicators measured during an orthostatic challenge may represent a more sensitive method of estimating exercise capacity compared to supine measures. However, the differences in ANS response between these modes should be noted. Further, it is clear that HRV measures, both supine and standing, explain very little of the variance in VO 2max . More research is needed to better understand ANS responses to orthostatic stressors and how these are related to HRV indicators, particularly against the background of varying exercise capacity.
